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Experimental Sections
.5H 2 O, 99.9%), ammonium fluoride (NH 4 F, 99.99%), sodium nitrate (NaNO 3 , 98%), oleic acid (OA, 90%), ethylene glycol (EG, 99.8%), Span 80, paraffin, glyoxal, acetic anhydride, hydrochloric acid, sodium hydroxide, hydrogen peroxide, and ethanol were obtained from standard suppliers. Crustacean shells were obtained from discarded sources of seafood processing. These shells were cooked in boiling water for 1 h and then washed with abundant water and used as a starting material to prepare water soluble chitosan.
Structural Characterization: Scanning electron microscopy (SEM) images of the samples coated with 8 nm-thick Au-Pd were obtained on a JSM-5300LV electron microscope.
Powder X-ray diffraction (PXRD) patterns of the samples were recorded on D8 advance Xray diffractometer. Energy dispersive X-ray (EDX) spectroscopy and EDX elemental mapping were collected using a Hitachi S2300 scanning electron microscope. Transmission electron microscopy (TEM) images of the samples were recorded on a JEOL 1010 electron microscope. A drop (~0.1 mL) of the colloidal nanoparticle solution was placed onto a carbon-coated copper grid and then dried at ambient conditions. Thermogravimetric analyses of the samples (~10 mg) were conducted at a heating rate of 20 o C min -1 under air to 850 ºC using a Labsys TG/DSC-SETARAM thermogravimetric analyser. Infrared spectra were obtained on neat samples using a IR-Prestige-21 spectrometer. Room-temperature UC photoluminescence spectroscopy was obtained on a Hitachi F-4500 fluorimeter using a 800 mW lamp as a source with an excitation wavelength of 980 nm. Gas adsorption experiments were conducted on a Micromeritics system. Samples (~100 mg) were degassed at 60 °C in vacuum for 6 h before measurement. 
